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THEORETICAL PERFORMANCE OF JP-4 FUEL AND LIQUID 
OXYGEN AS A ROCKEH? PROPELLANT 
I - FROZEN CCMPOSHPION 
By Vearl N. Htiff and AntLony Fortini 


SUMMARY 

Theoretical rocket performance for frozen composition during expan- 
sion was calculated for the propellant conliination JP-4 fuel and liquid 
oxygen at two chamber pressures and several pressure ratios and 
oxidant-fuel ratios. 

The parameters included are specific impulse, combustion-chamber 
temperature, nozzle -exit tengierature , molecular weight, characteristic 
velocity, coefficient of thrust, ratio of nozzle-exit area to throat 
area, specific heat at constant pressure, isentropic exponent, viscosity, 
and thermal conductivity. A correlation is given for the effect of 
chamber pressure on several of the parameters. 


INTRQDUCTICN 

A continuing Interest in hydrocarbon fuels and liquid oxygen as 
rocket propellants is assured hy favorable logistics and relatively h i gh 
specific inpulse. Theoretical perfonnance of several hydrocarbons with 
liquid oxygen has been reported in the literature, for exang>le, in refer- 
ences 1 to 3. 

Additional conputations were made for the propellant conibination 
JP-4 fuel and liquid oxygen at the NACA Lewis laboratory between 1953 
and 1955 as required for theoretical and experimental programs. These 
data were computed for both frozen and equilibrium composition during 
expansion. 

tFir present report presents the data for frozen composition during 
expansion for tvfo chaniber pressures and a wide range of oxidant-fuel 
ratios and pressure ratios. A correlation is given which permits the 
determination of specific Impulse, characteristic velocity, ratio of 
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nozzle -exit area to throat area, combnstion-cliamber temper attire, and 
nozzle-exit temperattire for a wide range of chamber presstrre. 
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SYMBOIS 

The following symbols are used in this report: 
nozzle area, sq in. 

local velocity of sound (velocity of flow at throat), ft/sec 

SqI F 

coefficient of thrust; = —f— = ^ 5 — 7 — 

molar specific heat at constant pressure, cal/ (mole ) (° k) 

Sni(co)i 

specific heat at constant pressure, , cal/ (g) (®k) 

specific heat at constant volume 

characteristic velocity, gj^P^Aj^/w, ft/sec 
thrust, lb 
fimctions 

gravitational conversion factor, 52.174: (ih mass/lh force) 
(ft/sec^) 

sum of sensible enthalpy and chemical energy, cal/mole 
sum of senslhle enthalpy and chemical energy per unit mass, 

M(1 - r^) ’ 

specific inpulse, lb force-sec/lh mass 
coefficient of thermal conductivity, cal/ (sec) (cm) (°K) 
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molecular wel^t. 


mole fraction 


?“i“i 

1 - Ilk’ 


-mole or Ib/lb-mole 


( A Xoff C"^\ 

Al^og ' P / 

specific -impulse ejcponent for fixed pressure ratio, 

/ a log I \ 

\A log Pc/pj,/p 

lOR T \ 

■r ■ -p" ) , 

A log Fc/P(,/P 
/a log 8 \ 

area-ratio exponent for fixed pressTire ratio, log ^/p yp 
oxidant-to-fuel weight ratio 

static pressure (sumi of partial pressures), Ib/sg in. 

partial, pressure, Ib/sq. in, 

universal gas constant (consistent units) 

equivalence ratio, ratio of four times the number of carbon 
atoms plus the number of hydrogen atoms to two times the 

number of oxygen atoms ^ ^ 


entropy at a pressure of 1 atmosphere, cal/ (mole ) (°k) 

_^p^ln p^/l4.696 

entropy per unit mass, ^ y - — 

cal/(g)(°K) 

tengoerature, °K 
mass-flow rate, Ib/sec 

isentropic exponent, 
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6 ratio of nozzle area to throat area, A/Aj. 

p density, Ib/cu in, 

[X absolute vi.scosity, poises = g/ (cm) (sec) 

Subscripts : 

c combustion chamber 

e nozzle exit 

i product of combustion including both gaseous and solid phases 

j gaseoTis product of combustion 

k solid product of combustion (graphite) , 

0 conditions at 0° K 

P constant pressure 

P(j/P constant pressure ratio 
s constant entropy 

t nozzle throat 

1 reference point 


CAICULATIOFr OF PERFORMANCE DATA 

Performance data were obtained for two chamber pressures for a 
range of equivalence ratios and pressure ratios. Frozen composition 
during expansion was eissumed. 

The confutations were carried out by means of the method described 
in reference 4 with modifications to adapt it for use with an IBM card- 
programmed electronic calculator. The machine was operated with 
floating-decimal-point notation and eight significant figures. The 
successive approximation process used in the calcxilations was continued 
until seven-figure accuracy was reached in the desired values of the 
eissigned parameters (mass balance and pressure). 
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Ass-ung)tion8 

llie calculations were baaed on the following usual assumptions : 
perfect gas law, adiabatic combustion at constant pressure, isentropic 
expansion, no friction, homogeneous mixing, and one -dimensional flow. 

The products of combustion were asstnned to be graphite and the following 
ideal gases: atomic carbon C, methane CH4, carbon monoxide CO, carbon 

dioxide CO2, atomic h3rclrogen H, hydrogen Hg, water H2O, atomic oxygen 0, 
oxygen and the hydroxyl radical OH. The combustion products are 
assumed to be completely expanded within the exit nozzle; that is, ambient 
pressure equals exit pressure. 

The graphite was assumed to be finely divided and to have the tem- 
perature and velocity of the gases during the flow process. 


Initial Data 

Thermodynamic data . - The thermodynamic data for all combustion 
products except graphite, methane, and water were taken from reference 4. 
Data for graphite were taken from reference 5, and for water from ref- 
erence 6. Data for methane were determined by the rigid -rotator - 
harmonic -oscillator approximation using spectroscopic data from refer- 
ence 7 . The base used in this report for assigning absolute values to 
enthalpy is the same as in reference 4, 

The heat of sublimation of graphite at 298.16° K was taken to be 
171.698 kilocalories per mole (ref. 8). 

Physical and thermochemical data . - The properties of the fuel used 
in these calculations are typical of the JP-4 fuel delivered to this 
laboratory over a period of 2 years. The JP-4 fuel was assumed to 
have a hydrogen-to-carbon weight ratio of 0.163 (atom ratio of 1.942), 
a lower heat of combustion value of 18,640 Btu per po-und and a specific 
gravity of 0.769. Additional properties of jet fuels may be found in 
reference 9. 

Several properties of the oxidant taken from references 4, 8, and 
10 are listed in table I. 

Viscosity data . - The viscosity data for the individual combustion 
products were either taken from the literature when available, or 
estimated. 

The viscosity data for CO, CO2, CH4, H2, and O2 were calculated by 

the method of reference 11 using the values of the constants from table 
lA of that reference. 
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The vi.scoslties of C, 0, H, and OH were calculated by the method of 
reference 12, which assumes that the logarithm of viscosity is a linear 
function of the logarithm of the ten^erature . 

The viscosity of HgO was calcxilated from the modified Sutherland 
equation given in reference 13. 


Computation of Combustion Conditions 

A conlitistion pressure was assigned (300 or 600 Ib/sq in. abs). At 
this assigned pressure, the composition n^^, enthalpy h (including both 

chemical and sensible energy), and entropy s, were determined for three 
tenperatures at lOCP K intervals. H3ie tenperatures were chosen to band 
the value of enthalpy for the propellant mixture h^,. The formulas 

(ref. 4) used to calculate h and s are 

^ (Sp) i 

^ = M(1 - nt) 


5Zni(ST)i 1.98718^1 Pj In p^l4. 696 


8 = 


M(l - %) 


PM 


(2) 


Combustion conposition corresponding to hj, was obtained by ordinary 

three-point interpolation of conposition as a function of h. Entropy 
Sj, corresponding to h^, was obtained by means of a three-point - three- 

slope interpolation of s as a function of h. The slope was obtained 
by means of the thermodynamic relation 



C3) 


It is convenient to treat the products of combustion (sometimes a 
mixture of solid graphite and ideal gases) as a single homogeneous fluid. 
Therefore, the molecular wei^t of the combustion products M is defined 
as the weight of a sanple (including gases and solid graphite) divided 
by the number of moles of geis and was computed by 


X 


nj_Mi 


M = 


1 - njj. 


(4) 
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Tills value of M is suitable for use in the gas law 



( 5 ) 


provided the solid phase is included in the density. Such a fluid will 
exhibit ideal properties as long as the volume of the gases is large 
with respect to the volume of the solid phase. The procedure is also 
consistent with the assumption that the solid particles are small en migh 
to he considered gas molecules of extremely large molecular weight. 


Conputatlon of Exit Conditions 

Calculation of parameters at assigned temperatures . - Exit tempera- 
tures were selected at 300° or 400° K intervals to cover the range of 
pressure ratios from 1 to 1500. At these selected teniperatures ^ the 
following data were congiuted assimiing isentropic expansion and frozen 
con^iosition ; pressure , enthalpy, specific heat at constant pressure, 
isentropic exponent, absolute viscosity, thermal conductivity, nozzle - 
area ratio, coefficient of thrust, and specific impulse. 

Interpolation of throat pressure . - A cubic equation in terms of 
In P was derived from the following function and its first derivative 
using the data at two assigned temperatures : 

function, fi = In f 2 = ln(| + g - ^) 

first derlTStlre, ^ ^ + 1 + 

(Values for dy/d In P were found by a numerical method.) 

The two temperatures were selected to band the throat temperatiire . 

The pressure at the throat was found by interpolating In P as a func- 

/h h \ 

tion of f^^ for the point f]_ = In ( this point the velocity 
of flow equals the velocity of sovind. 

Interpolation of enthalpy . - Enthalpies were interpolated for a 
series of pressures Including the throat pressure by means of quartic 
equations in terms of In P. Eaoh of the quartic equations used was 
derived from data at two successive assigned ten^ieratures and used to 
Interpolate those points within the tenperature interval. The data used 
in forming- each quartic were the following function at one of the 
assigned tenperat^tres and its first and second derivatives at both 
assigned tenperatures : 
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function. 



df3 
d In P 


first derivB,tive, 

d^f^ 

second derivative, To 

(d In P)^ 


T 

M 


1 ( r - i\ 
- M V r y 


Interpolation of temperature . - Temperatures were interpolated for 
a series of pressures including tlie tlrroat pressttre ty means of cubic 
equations in terms of In P. Each of the ciibic equations used was de- 
rived from data at two successive assigned temperatures and used to 
interpolate those points within the temperature interval. The data used 
in forming each cubic were the following function and its derivative at 
hath assigned tenperatures : 


function, f . = In T 
^ 4 


^4 r - 1 

first derivative, -r— ^ = 

d In P X 

Interpolation of specific heat . - Specific heats were interpolated 
for a series of pressures including the throat pressure hy means of 
cubic equations in terms of In P. Each of the cubic equations used was 
derived from values of specific heat for four successive assigned tem- 
peratures and uised to interpolate those points within the interval of 
the two middle temperatures. 

Accuraey of interpolation . - The errors due to interpolation were 
checked for. several cases. The values presented for enthalpy, entropy, 
and specific impulse appear to be correctly conputed to all figures 
tabuilated, while the remaining parameters may in some cases be in error 
by one or two figures in the last place tabulated. However , because of 
uncertainties in thermodynamic data used, all values are probably tabu- 
lated to more places than are entirely significant. 


The formulas 
are as follows; 

^ecific inp-ulse. 


Formulas 

used in conpucting the various performance parameters 
lb force -sec/lb mass 
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I = 294 


.98 aJ 


1000 


Throat area per tmit mass-flow rate, (sq in.) (sec)/lb 

A^ 2781.6 T^ 

Characteristic velocity, ft/sec 

= 32.174 Pe(At/w) 

Coefficient of thrust 

SfiP 32.174 I 

Nozzle area per unit mass flow rate, (sq in. )(sec)/lb 

A 86.455 T 
w ~ PMI 

Ratio of nozzle area to throat area 

^ 

A^ 

Specific teat at constant pressure, cal/(g)(°K) 

^°i(Cp)i 

^ = M(1 - nj,) 

Isentropic exponent (when the con^josltion is frozen) 

^ p\ ^ _!p__ = 

In p/s - ‘^v 

^ M 


( 6 ) 


(V) 


( 8 ) 


(9) 


( 10 ) 


( 11 ) 


( 12 ) 


(13) 


Absolute viscosity, poises 




PM 


> 7 ^ 


(14) 
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Coefficient of tliennal conductivity, cal/ (sec) (cm) (°K) 



(15) 


The values of viscosity and thermal, conductivity for mixtures of 
combustion gases calculated by means of equations (l4) and (15) are only 
appro xim ate. When more reliable transport properties for the various 
products of combustion become available, a more rigorous procedure for 
confuting the properties of mixtures may also be justified. When solid 
graphite was present among the combustion products, it was omitted from 
equation (14) . 


THEORETICAL PERFORMANCE DATA 
Tables 

The calculated values of the performance parameters are given in 
tables II to VI. The properties of gases in the combustion chamber and 
the characteristic velocity are given in table II for each chamber 
pressure and equivalence ratio. Table HI presents the values of per- 
formance parameters at assigned temperatures and constant entropy. These 
values were computed directly and used to interpolate properties for 
assigned pressure ratios. The first tenperature for each equivalence 
ratio is greater than the conibustion temperature and represents an 
isentropic compression from comb'ustion conditions. The data for this 
temperature were used for inteipolation. The values of viscosity and 
thermal conductivity of the mixt'ure are also given in this table as 
functions of tenperature. 

The performance parameters for small pressure ratios from 1 to 8 
are given in table IV. These properties permit computations within the 
rocket nozzle and for finite comibustion-chanber diameters. Properties 
at the throat may be. f OTind where e = 1.000. The values adjacent to the 
throat correspond to pressures 1.2 and 0.8 times the throat pressure. 

The performance parameters for pressure ratios from 10 to 1500 are 
given in table V. This table gives sufficient data to permit interpola- 
tion of complete data for any pressure ratio within the range tabulated. 

The specific impulse and area-ratio values for expansion from 
chamber pressinre to 1 atmosphere are summarized in table -VT. The maxi- 
mum values calculated for specific impulse for chamber pressures of 600 
and 300 pounds per square inch absolute are 271.8 and 250.4, respectively, 
at 31.98 wei^t percent fuel. 


4021 



CO-2 "back 120=^ 


KACA EM E56A27 


11 


Curves 

The performance parameters are plotted in figures 1 to 5 for chamber 
pressures of 300 and 600 pounds per square incli absolute. 

Curves of specific impulse are presented in figure 1 for pressttre 
ratios from 10 to 1500 as fimctions of weight percent fuel. The maximum 
values occur at aboiit 31.98 weight percent fuel. The exponent nj is 

eOso shown. 

Cijrves of combustion tenperature and exit temperature for pressure 
ratios from 10 to 1500 are plotted in figure 2 as functions of wei^t 
percent fiisl. The exponent nip is also shown. 

Curves of the ratio of nozzle area to throat area are plotted in 
figure 3 for pressure ratios from 10 to 1500 as functions of weight 
percent fuel. The exponent ne is also sho\m. 

Figure 4 gives the curves for coefficient of thrust for pressure 
ratios from 10 to 1500 as functions of weight percent fuel. 

Figure 5 presents curves of moleciolar weight and characteristic 
velocity as functions of wei^t percent fuel. Also shown is the 
exponent nic** 

Effect of solid graphite . - The theoretical calculations of equilib- 
rium conposition in the coinbiistion chamber showed that solid graphite 
was not present for the equivalence ratios of 1 to 2 (weight percent 
fuel, 22.71 to 37.01) and wan present for equivalence ratios of 3. 

The appearance of solid graphite did affect the values of the thermo- 
dynamic parameters and resulted in a break in the performance data in 
the region of equivalence ratios between 2 and 3. The performance at an 
equivalence ratio of 3 was not plotted in figures 1 to 5 bTit is presented 
in tables II to VI. 


Chamber -Pressure Effect 

The logarithms of the parameters I, T, e, and c"^ are very nearly 
linear with the logarithm of chamber pressure for a fixed equivalence 
ratio and pressure ratio. This linearity permits the data to be cor- 
related by means of exponents according to the following equations : 

log I \ 
log Pc/pjj/p 


nj = 


(16) 
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(17) 

(a log fe)p Jp 

(18) 

/a log c*\ 
[a log pj 

(19) 

Equations (l6) to (l9) may be written as 

-‘fcf 

(20) 


(21) 


(22) 

•• ■ fcr 

(23) 


where selected to he either 300 or 600 pounds per square 

inch absolute provided that Tj, Cj, and c* are the corresponding 

values for the chamber pressure selected. 

The data of tables II and Y were -used in equations (l6) to (19) to 
calctQate ejcponents which are also shown in the tables and are plotted 
in figures 1, 2, 3, and 5. 

To illustrate the use of these exponents, suppose it is desired to 
obtain the value of specific impulse for a chamber pressure of 450 pounds 
per square inch absolute and a pressxire ratio of 30.62 (exit pressure, 

1 atm) for an equivalence ratio r of 1.5 (30.59 weight percent fuel). 
From figure l(a) and table V, the value of I at this pressure ratio 
and equivalence ratio (but for a chamber pressure of 300 Ib/sq in. abs) 
is 261.5 and the value of nj is 0.0142. From equation (20), 
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I = 261.5 


/450\ 


0.0142 


\3ooy 
= 261.5 (1.00577) 
= 263.0 


A con^jarison of the parameters ohtained by means of the chamber-pressure 
correlation and by a direct calculation for two examples is given in the 
following table (r = 1.5; 30.59 wei^t percent fuel): 


Parameter 

= 450 Ib/sq in. abs 
Pg = 1 atm 

Pg = 1200 Ib/sq in. abs 
Pg = 1 atm 

Estimated 
by corre- 
lation 

Direct 

calcu- 

lation 

Error 

Estimated 
by corre- 
lation 

Direct 

calcu- 

lation 

Error 

I 

263.04 

263.09 

0.05 

290.40 

290.25 

0.15 

Tc 

3482.7 

3482.9 

.1 

3605.2 

3600.4 

4.8 

Te 

1815.4 

1815.5 

.2 

1560.5 

1558.0 

2.5 

e 

4.643 

4.641 

.002 

9.429 

9.408 

.021 

c* 

5762.5 

5762.7 

.2 

5838.2 

5835.0 • 

3.2 


It is expected that valvies estimated for other equivalence ratios 
and pressure ratios will have small errors of the order of magnitude 
shoira in the preceding table. A possible exception might occur when the 
value of the exponent is changing rapidly such as in the region when 
solid graphite first sppears. 


SUMMARY CF RESULTS 

A theoretical investigation of the performance of JP-4 fuel with 
liquid oxygen as an oxidant was made for the following conditions : 

(l) equivalence ratios from 1 to 3, (2) chamber pressures of 300 and 
600 pounds per square inch, (3) pressure ratios from 1 to 1500, and 
(4) frozen conpositlon during expansion. 

The results of the investigation are as follows : 
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1. Tlie maxiTTHim vaJLiaes of specific iTTg^nls e for chamber pressures of 
600 and 300 pounds per square inch absolute (40.83 and 20.41 atm) and 
and exit pressure of 1 atmosphere were 271.8 and 250.4, respectively, 
at 31.98 weight percent fuel. 

2, The data presented in this report permit interpolation of complete 
performance data for any equivalence ratio from 1.00 to 2.00, chamber 
pressure from 150 to 1200 poimds per square inch absolute, and pressure 
ratio up to 1500. 


Lewis Fli^t Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, January 31, 1955 
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TABIE I. - PEQPEETIES OF UQQID OXYGEN 


Moleciilar wei^t, M 

32.00 

Density, g/cc 

®1.1415 

Freezing point, °C 

^-218.76 

Boiling point, °C 

■b -182. 97 

Enthalpy required to convert 
liquid at boiling point to 
gas at 25° C, kcal/mole 

°3.080 

Enthalpy of vaporization, 
kcal/mole 

•^1.630 

Enthalpy of fusion, 
kcal/mole 

°0.106 


^At -182.0° C; ref. 10. 


^Eef. 8. 

'^Ref. 4. 

•^At -182.97° C; ref. 8. 
®At -218.76° C; ref. 8. 
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CO-3 


T20t 


I 

i 


Equiva- 

lence 

ratio, 

4(c}+(H) 

Percent 
fuel by 
weight 

Oxidant 
to fuel 
weight 
ratio, 
0/P 

Tem- 

pera- 

ture, 

Si. 

°K 

Temper- 

ature 

exponent, 

"t 

Molecular 

weight, 

M 

Bnthalpy, 

oal/g 

(a) 

Entropy, 

e, 

cal 

(g)(°I) 

Specific 

heat, 

cal 

Isen- 

troplo 

ex- 

ponent, 

7 

(b) 

Character- 

istic- 

velocity 

exponent, 

(b) 

Charac- 
teria- 
tio ve- 
locity, 

•#*4. /r, 

X tj/ ao 

(b) 

TTuWT 

\ o ^ 

(b) 

i£\u; 

Combustion-chamber pressure, 300 Ib/sq in. abs 

1.00 

38.71 

3.403 

3 507 

0.0436 

35.34 

35 3 1.6 

2 . 6 87 3 

0.449 

1.312 

0 .0157 

5 4 15 

1.30 

86.07 

3.636 

3 58 3 

. 0433 

3 3.80 

3 9 0 1.1 

3 . 7 39 1 

.469 

1.217 

.0157 

6 5 8 3 

1 ** A 

2 7 1 ^ 4 

o A ^ Cl 


n 4 1 i 

o 1 . ^ A 

0 7 4 t 1 

P ^ 7 Q A Q 

T 4 7 A 

1 ^ 2 1 Q 

, n 1 

A ^ ^ 7 

1.40 

3 9.15 

3.431 

3 4 83 

. 0386 

3 3.50 

3239.9 

3.8349 

.486 

1.282 

. 0146 

5 6 97 

1 . 50 

30.59 

3.369 

3 4 3 3 

. 0 353 

21.88 

3 3 9 9.0 

2.8773 

.493 

1.326 

.0133 

5 733 

1.60 

3 1.98 

8,137 

3 363 

. 0 309 

31.37 

35 51 .6 

3.9160 

.500 

1.230 

.0119 

5 7 46 

1 . 60 

3 4.69 

1.891 

3160 

. 0 808 

30,09 

3839.4 

3.9836 

.513 

1.339 

.0080 

5 7 16 

3.00 

37.01 

1.703 

3 90 0 

.0114 

18.99 

4105.8 

3.0351 

. 521 

1,251 

.00 4 5 

5 6 13 

Combustion-chamber pressure, 600 Ib/sq in. aba 

1.00 

38.71 

3.403 

3 6 18 

0.0436 

35.48 

8531.6 

2.5739 

0.451 

1.209 

0 .0157 

5 4 75 

1 . 80 

3 6.07 

3 . 836 

3 638 

.0 433 

3 4.03 

3901.1 

3,6815 

, 470 

1.213 

.0157 

5 6 4 3 

1 , 30 

37.64 

3.618 

3 613 

.0411 

3 5.36 

3074.1 

2.7297 

.4 79 

1.216 

.0153 

5 7 07 

1 . 4 0 

39.15 

8.431 

3 576 

. 0 386 

3 3.70 

3339.9 

2.7740 

.487 

1.219 

.0146 

5 7 5 5 

4 c n 

« CO 

o <1^0 

•X c H a 

rk T c 

^ o n c 

** *X Cl o r, 

O a >4 X ^ 

X n 

4 O O Tf 

n T 'X 

e Q C 

1.60 

31.98 

3.137 

3 4 3 6 

. 0 309 

31.41 

3 5 5 1 .6 

3.8515 

.5 01 

1.227 

.0119 

5 7 94 

1.80 

34.59 

1.891 

3 30 5 

. 0 808 

20.17 

3839.4 

3 . 914 3 

.513 

1 . 2 3B 

. 0060 

5 7 4 7. 

S . 00 

37.01 

1.703 

8 93 3 

.0114 

19.03 

4105.8 

2.9687 

.5 23 

1.350 

.0045 

5 6 3 0 

3.00 

4 6.85 

1.13 4 

1657 


15.49 

5188.4 

3 .0103 

.543 

1.310 


4 618 


^The baBe used for enthalpy is given In reference 4. 
“Parameter based on frozen eonpoBltion. 
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T A BL E in. - Concluded- THEORETICAL ROCKET PERFORHAHCE AT A3SIQHED TEHPERATDRE3 FCH JP-4 PCEL AMD LIQUID 
OXYOEN WITH FROZHJ COMPOSITION KIRINa ISENTROPIC PROCESS 
(b) Cbaober preaeure, 600 pounds per square Inch absolute. 


Temper- 

ature,' 

T, 

OK 

Pressure, 

P, 

Ib/sq In. 
abs 

Enthalpy, 

cal/g 

Isen- 

troplc 

exponent, 

Y 

M 

Abso- 

lute 

VlB- 

cosity 

ill 

nloro- 

polses 

IQiermal con- 
ductivity 
K 
cal 

Area 

ratio, 

e 

Thrust 

coeffi- 

cient, 

Cp 

Specific 

Impulse, 

I, 

Ib-seo 


lb 

r * 1.00; percent fuel 22.71; O/F ■ 3.403 

4 000 
3600 
3200 
2800 
2 400 
2 000 
1600 
1200 
900 
JLOO 

1065.000 
568 • 250 
399.050 
140.360 
59 . 54 4 
22.098 
6.824 
1 • 60 9 
. 412 
.06 9 

2707.3 

2526.0 

2346.8 
2170.2 
1996 . 6 

1826.9 
1662 . 6 

1505 . 7 

1394.8 
1291.7 



986 
922 
854 
78 3 
7 08 
627 
5 4 0 
443 
361 
265 

b • 0 00 55 
•00051 

• 00046 

• 0004 2 
.00037 
.00032 
.00027 
.00021 
.00016 
.0 0011 

3.33 
1.01 
1.35 

2.33 
4.37 

10.20 
39.87 
83.01 
3 15.28 

rzzzzr 

0.129 

.745 

1.048 

1.268 

1.455 

1.616 

1.756 

1.848 

1.930 

22.0 

126.3 

177.3 

215.3 
247.6 
275.0 
298.8 

314.5 

328.5 


4 000 
3600 
3300 
3800 
3400 
3000 
1600 
1300 
900 
600 

1047.500 
573.730 
294.950 
140.180 
60.293 
22.739 
7.161 
1.731 
.455 
. 07 9 

3076 . 8 

2887 . 8 

2700.9 

3516.7 

2335.6 

2158.6 

1987.3 

1623.8 

1708.4 
1601.0 

1.211 

1.213 

1.217 

1.221 

1.226 

1.234 

1.245 

1.364 

1.286 

1,317 


971 
9 07 
841 
771 
69 7 
616 
532 
436 
355 
26 2 

0.00056 
.00052 
. 00046 
.00043 
.00038 
.00033 
.00028 
• 0 0 0 2 2 
. 00017 
.00013 

3.26 
1.01 
1.34 
2.21 

4.26 
9.75 

27.86 

75.57 

278.10 

0 .195 
.753 
1.043 
1.265 
1.449 
1.608 
1.746 
1.837 
1.918 


1 r •• 1.50; percent fuel - 27.64; O/P - 2. $18 | 

4 000 
3600 
3300 
3800 
3400 
3000 
1600 
1300 
900 
600 

1068.800 
588.850 
304.680 
145.860 
63.247 
34.081 
7.669 
1.881 
. SOI 

.088 

3261.0 
3068.4 

2878 .0 

2690.3 

2505.7 

2325.3 

3150.7 

1984.3 

1866.7 

1757.3 

1.213 

1.316 

1.219 

1.224 

1.329 

1.237 

1.248 

1.267 

1.289 

1.331 

0.4839 
. 478 9 
. 4730 
. 4657 
. 4566 
. 4445 
. 4277 
. 4035 
. 3791 
. 3503 

965 
9 02 
8 36 
766 
693 
614 
529 
434 
353 
260 

0.00057 
.00053 
.00048 
.0 004 4 
.00039 
.00034 
..0 00S8 
.00082 
.00017 
.00018 

3.42 
1.01 
1.38 
2.14 
4.07 
9.82 
25.94 
69.39 
2 51.02 

0.126 

.737 

1.031 

1.254 

1.439 

1.598 

1.736 

1.887 

1.909 

22.4 
130.6 
18 2.3 

222.4 
255.3 

283.5 
308.0 
324 .1 

338.5 

1 r - 1.40; percent fuel « 29.15; 0/P - 2.431 | 

3600 
3200 
2800 
2400 
2 000 
1600 
1200 
900 

633.770 
324.560 
156.620 
68.535 
36 . 36 9 
8.504 
3.118 
.573 

3251.6 
3057.8 

3866.7 

2678.8 
2495.3 

3317.5 
2148 .1 

3038.5 

1.319 

1.333 

1.337 

1.332 

1.340 

1.352 

1.371 

1.393 

044875 
4 4814 
4 4740 
• 464 8 
4 4534 
4 4353 
4 4106 
4 3860 

897 
831 
763 
69 0 
611 
5 37 
433 
353 

0.00054 
.00049 
. 00044 
. 00040 
.00034 
.00039 
.0 002 3 
. 00017 

1.00 

1.37 

2.03 

3.81 

8.49 

33.49 

61.87 

0.704 
1.008 
1 .235 
1.423 
1.584 
1.723 
1.815 


1 r ■ 1.60; percent fuel =• 31.98; O/P • 2.127 | 

3600 
3300 
3800 
3400 
3 000 
1600 
1300 
900 
600 

773.670 
409 . 370 
201.830 
89.929 
35.451 
11.767 
3.035 
.84 7 
• 158 

3634.3 
3433.9 

3236.4 

3042.4 
2852.7 

2669.1 
2494.0 

2370 . 2 
2254 • 6 


0 4 5038 
4 4975 
4 4898 
4 4 8 0 2 
4 4675 
4 4497 
4 434 5 
4 3995 
4 370 9 

89 0 
8 36 
758 
685 
6 08 
534 
431 
351 
26 0 

0. 00055 
. 00051 
.00046 
.00041 
.00035 
.00031 
.00033 
.0 0018 
. 00013 

1.04 
1.13 
1.71 
3.08 
6.60 
17.54 
4 4.60 
152.15 

0.563 
.92 0 
1.16 9 
1.369 
1.539 
1.665 
1.780 
1.866 

10 1.2 
165 . 6 

210.5 
24 6 . 6 
277.1 
303.4 

320.6 
335 .9 

1 r " 1.80; percent fuel — 34.59; O/P • 1.891 | 

3 600 
3200 
2800 
2400 
2000 
1600 
1200 
900 
6 0 0 

1102 . 400 
594 . 950 
296 . 610 
136.620 
55.344 
16.965 
5.082 
1.466 
.284 

4043.1 

3836.7 

3633.2 

3433.3 

3337.8 
3048.5 

2867.8 

2740.0 

3630.0 


0 4 5192 
4 5126 

• 5047 
4 49 4 6 
4 4818 

* 4637 
4 438 3 
4 4135 
4 3857 

88 8 
824 
756 
68 4 
6 07 
523 
431 
352 
261 

0 . 00057 
.00053 
.0 004 7 
. 0004 3 
.00037 
. 00031 
.00034 
. 00019 
.00013 

5.09 
1.01 
1.35 
2.27 
4.63 
11.69 
28.58 
93. 35 

0.085 
.75 0 
1.053 
1.281 
1.469 
1.628 
1 .731 
1.823 


1 r “ 3.00; percent fuel - 46.85; O/P - 1.134 

1800 

1600 

1400 

1200 

1000 

900 

600 

400 

652.500 
517 . 330 
397.010 
156.910 
77.401 
51 . 524 
11. 380 
2 . 663 


1.305 

1.313 

1.331 

1.333 

1.346 

1.354 

1.379 

1.393 


567 
5 36 
48 3 
436 
387 
361 
375 
2 06 

0.00040 
.00037 
.00033 
. 00039 
.00025 
. 00023 
.00017 
. 00013 

1.39 

1.00 

1.21 

1.74 

2.21 

5.70 

14.99 



























































































20 


HA.CA EM E56/12T 


TABLE IV. - THEORETICAL ROCKET rnffORI-lAHCE FC« PRESSURE RATIOS BETWEEN 1 AND 8 FOR JP-4 FUEL AND LIQUID OXYGEN 

KITH FROZEN COMPOSITION DURING I3ENT510PIC PROCESS 


(a) Chamber pressiire, SOO pounds per square Inch absolute. 


Pressore 

ratio, 

pyp 


Pressure, 

P- 

Ib/sq In. 
abs 


Teffli>er- 

ature. 


Enthalpx» 

cal/g 


Si>eomo 
beat. Op, 
gal 


l8enta»oplc 

exponent, 

y 


Ihrust 

cooffl- 

olent. 


Area 

ratio. 


SpeolTlo 

lopiilae, 

I, 

Ib-seo 

Ib ~ 


r ■ 1.00; percent fuel^ ■ 2g.71| O/P^ ~ S.405 


1.000 

300.00 

3507 

8531.6 

0 .449 

1.818 




1 . 080 

894. 11 

3495 

8586 « 1 

.449 

1.813 

0 .189 

3.389 

81.8 

1 .040 

888. 47 

3483 

8520.6 

.449 

1.813 

. 188 

8.406 

30.6 

1 . 800 

849. 99 

3397 

2468 . 0 

.448 

1.813 

. 390 

1 .863 

65*. 7 

1 • 480 

808. 11 

3878 

8426.8 

• 446 

1.814 

.569 

1 .032 

95.8 

1 .781 

168. 43 

316 8 

8380 . 0 

• 444 

1.215 

• 688 

1.000 

114.8 

8.830 

134. 74 

304 5 

2385 . 4 

.442 

1.817 

.796 

1 .030 

133.9 

4.000 

75. 00 

8748 

8192 . 0 

.437 

1.820 

1.081 

1 .899 

171.9 

8 .000 

37.50 

2417 

8051 . 4 

.430 

1.2 84 

1 .214 

1.926 

8 04.4 


■ 1.20; peretrot Tael ■ 26.07; o/f ■ 2.tC6 


1.000 

1.080 

300.00 

894.11 

3583 

3511 

8901.1 
8895 . 3 

0.469 

.469 

1.217 

1.217 

0 . 130 

3.333 

88.5 

1 . 040 

888.47 

3499 

8889 . 6 

.469 

1.217 

.188 

8 .409 

31 . 6 

1.800 

249. 99 

3411 

2848 . 4 

.467 

1.218 

. 391 

1 .865 

67 , 8 

1 .490 

801. 83 

3283 

8788 . 6 

.465 

1.819 

. 570 

1.038 

99.0 

1.784 

166.20 

3177 

2739.4 

. 464 

1.280 

.684 

1.000 

118.6 

8 . 830 

134. 55 

3051 

2681 . 4 

. 462 

1.221 

.797 

1.030 

138.3 

4.000 

75.00 

274 3 

8540 . 2 

.456 

1.224 

1 .028 

1 .896 

177.2 

8.000 

37.50 

2414 

2391 . 1 

.448 

1.889 

1.814 

1.919 

810.7 


r *■ 1.50; percent fuel - 27.64; 0/P - 2.618 


1.000 

300.00 

3511 

3074.1 

0.478 

1.819 




1.020 

294. 11 

3496 

3068 . 2 

. 477 

1.219 

■ 0 . 130 

3.336 

'28.8 

1.040 

286. 4 7 

3466 

3062 • 4 

.477 

1 .219 

• 168 

8 .410 

38,0 

1.200 

249.99 

3397 

3020.1 

.476 

1.280 

.391 

1.265 

66 . 6 

1.490 

201. 65 

3 26 8 

2958.6 

.474 

1.881 

.571 

1.032 

100. 3 

1 . 785 

168 . 0 3 

3161 

2906.2 

. 472 

1 .388 

.685 

1.000 

180.1 

2 . 230 

134.43 

3035 

2848 . 9 

.470 

1.283 

.798 

1.030 

140.0 

4,000 

75.00 

2727 

2704.6 

.464 

1.287 

1.028 

1 .895 

179.3 

8.000 

37.50 

2396 

2552.3 

.457 

1.238 

1 .214 

1 .915 

313.1 


r ° 1.40; percent fuel * 29.15; O/P - 2.451 


1.000 

300.00 

3482 

3239.9 

0.486 

1.888 




1 .020 

294. 11 

3469 

3233 . 9 

.486 

1.288 

0 .130 

3.338 

23.0 

1 .040 

388.47 

3457 

3227 . 9 

. 486 

1. as2 

.183 

3.418 

38.3 

1.800 

249. 99 

3 36 8 

3184 . 8 

.484 

1.823 

. 391 

1 .866 

69 . 3 

1 . 490 

201.44 

3238 

3131 . 8 

,488 

1.324 

. 573 

1 .038 

101.4 

1.787 

167 . 6 6 

3131 

3070 . 5 

.480 

1.825 

.686 

1 .000 

181.4 

2 .830 

134. 89 

3005 

3010 . 1 

.478 

1 .-227 

.799 

1.030 

141.4 

4 .000 

75.00 

2697 

8863 . 6 

.478 

1.830 

1 .088 

1.893 

181.0 

e . 000 

37. SO 

2 36 6 

2708.8 

.464 

1.835 

1 .814 

1.910 

815.0 


r SO; percent fuel - 50.S9; 0/P - 2.269 


1.000 

1.020 

300.0 0 
294.11 

3433 

3431 

3399 . 0 
3392 . 8 

0.493 
. 493 

1.286 

1.886 

0 . 130 

3.348 

83.8 

1.040 

288.47 

3409 

3386 . 8 

. 493 

1.886 

.183 

8 .415 

38.6 

1.300 

249.99 

3 320 

334 3 . 1 

.492 

1.827 

♦ 398 

1 .867 

69 . 7 

1.490 

201. 19 

3189 

3278 . 9 

.490 

1 .888 

.574 

1.038 

108.8 

1 .789 

167 , 6 5 

308 3 

3236.9 

.488 

1.889 

. 687 

1.000 

188.3 

3.340 

134. 12 

2957 

3165 . 8 

.485 

1.830 

.800 

1 .030 

148.4 

4.000 

75. 00 

2650 

3017.9 

. 479 

1.834 

1.088 

1.891 

188.1 

6.000 

37.50 

8 321 

2861 . 6 

. 471 

1.839 

1 .814 

1.905 

216.8 


r «■ 1.60; percent fuel " 51.98; O/P ■ 2.127 


1.000 

300.00 

3 36 3 

3551.6 

0.500 

1.810 




1 .080 

294 . 1 1 

3350 

3545 . 4 

.500 

1.230 

0 

. 130 

3.346 

83.8 

1.040 

288,47 

333 8 

3539.4 

. 500 

1.230 


.163 

8 .417 

32,7 

1.200 

249. 99 

3250 

3495.3 

.496 

1.331 


.393 

1.868 

70 . 0 

1.490 

300.89 

3119 

34 30 ,.3 

.496 

1.233 


.575 

1.038 

108.8 

1.793 

167.42 

3014 

3378 . 0 

. 494 

1.233 


.688 

1.000 

188.9 

2.240 

133. 93 

2889 

3316,5 

.498 

1 .834 


.801 

1.030 

143.0 

4.000 

75.00 

2586 

3168 , 4 

. 485 

1.838 

1 

. 088 

1 .889 

168.6 

6 .000 

37.50 

2360 

3011.7 

. 476 

1.844 

1 

.814 

1.898 

216.6 




p « 1.80; percent fuel " 34.59; O/P » 1. 

691 




1.000 

300.0 0 

316 0 

3839.4 

0.512 

1.839 




1.020 

294. 11 

314 6 

3833.3 

.513 

1.840 

0 

.131 

3 .355 

83.2 

1.040 

268. 47 

3137 

3037,3 

.512 

1.240 


. 184 

8 .424 

38,6 

1.200 

249.99 

3051 

3783 . 4 

.510 

1. 241 


. 393 

1 .370 

69 • 6 

1.500 

200. 19 

2922 

3717,7 

.507 

1.248 


.579 

1.031 

102. 9 

1.798 

166. 83 

2830 

3666 . 0 

. 505 

1.843 


.691 

1.000 

182.8 

2.250 

133. 46 

269 9 

3605.1 

.503 

1 .845 


. 804 

1 .089 

142.8 

4.000 

75.00 

3407 

3459,7 

.495 

1.350 

1 

.023 

1.263 

181.6 

8.000 

37.50 

3093 

3305.6 

.485 

1.856 

1 

.813 

1.882 

2 15.5 


r “ 2.00; percent fuel ■■ 57,01; 0/F - 1.702 


1.000 

300. 00 

3900 

4105.8 

0.531 

1. 351 




1.020 

294. 11 

2889 

4099.8 

.521 

1.351 

0.131 

3.366 

28. 8 

1.040 

388.47 

287 8 

4094 . 0 

.531 

1.251 

.184 

8.438 

33.1 

1.200 

249.99 

3796 

4051.5 

.619 

1.253 

.394 

1.874 

68 . 8 

1.500 

199. 35 

2671 

3906 . 7 

.516 

1. 854 

.564 

1 .031 

101.8 

1.806 

166. 13 

2574 

3936.7 

.514 

1.856 

.695 

1.000 

121.3 

3.260 

132.90 

245 9 

3877 . 9 

.511 

1.358 

.807 

1 .039 

140.8 

4.000 

75. 00 

2 18 5 

3739 . 0 

. 50 3 

1.863 

1 .084 

1 .277 

178.6 

8.000 

37.50 

188 6 

3591 • 5 

. 491 

1.871 

1.313 

1.864 

811.5 


®Fuel In propellant, peMent by weight. 
^Oxldant-to-fuel ratio, by weight. 


4021 




19.1 
26.9 
57. S 
87.0 
ioa.7 
118.4 
147.6 
173.8 
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TABLE V. - THEORETICAL ROCKET PEHPCfflMANCS FOR PRESSURE RATIOS BETOKEH 10 AKD 1500 FOR JP-4 FUEL AHD LIQUID OZYOQf WITH 

FROZQJ COHPOSinOH DURIHa ISEKTROPIC PROCESS 
(a) Chamber preaaiire, 300 poonda per square Inch absolute. 


Pr^- 

Pressure, 

Temper- 


Enthalpy, 

Specific 

laen- 

liiruflt 

Area- 

Area 

Specific- 

Specific 


P, 

ature. 


h. 

heat, Cp, 

tropic 

coeffi- 

ratio 

ratio. 

impulse 

impulse. 

ratio. 

Ib/sq In. 

7. 

exponent. 

cal/g 



dent. 

exponent. 

c 

exi^onent. 


PoA 

abs 

°K 

nr 


TsTm 

Y 

Cp 

nc 


"I 






r - 1.00: 

percent fuel® - 22.71; 

- 5.405 




10 

30.00 

23 20 

0.0509 

2009 • 6 

0.427 

1.226 

1.S55 

0.0049 

3.33 

0 . 0161 

313.1 

IS 

20.00 

2152 

. 0535 

1938.4 

.423 

1.229 

1.350 

. 006 2 

2 .89 

• 0 165 

337.3 

20 

15.00 

20 39 

. 0 537 

1691 • 0 

.419 

1.831 

1.403 

. 007 8 

3 .53 

.0 167 

33 6.1 

30 

10 00 

18 89 

. 0555 

1626,3 

.414 

1.235 

1 .470 

• 008 6 

4 .66 

• 0 170 

347.4 

40 

7 50 

1788 

.0567 

1786.7 

.411 

1.337 

1.513 

• 009 6 

5.73 

. 0 173 

2 5 4.6 

60 

5 00 

1654 

. 0 566 

1731 . 7 

.405 

1.841 

1.557 

• 0118 

7 .65 

. 0 175 

36 3 . S 

80 

3 .75 

1563 

. 0599 

1695 . 3 

.401 

1.244 

1.6 03 

.018 3 

9 . 44 

. 0 178 

269.8 

100 

3.00 

14 96 

.0610 

1668 • 4 

. 398 

1.347 

1.628 

.0133 

11 .11 

. 0179 

874.1 

150 

2.00 

13 80 

. 0 631 

1622 . 6 

. 392 

1.252 

1.671 

.0150 

14 .96 

. 0 183 

381.3 

800 

1 50 

1302 

, 0 646 

1592 . 2 

. 387 

1. 255 

1.699 

.0163 

18 .53 

.0185 

265.9 

300 

1 00 

1198 

. 0666 

1552 • 3 

. 3 81 

1. 351 

1.734 

, 018 8 

35.06 

. 0 188 

291.9 

400 

.75 

1188 

. 0664 

1526,0 

. 376 

1. 265 

1.758 

• 019 6 

31 . 05 

.0 190 

295.6 

600 

50 

1035 

. 0708 

1491 . 5 

. 369 

1. 271 

1.787 

. 0217 

42.03 

. 0 193 

300.8 

800 

37 

973 

. 0725 

1468 • 7 

. 364 

1. 276 

1 .807 

. 023 8 

52 .18 

. 0 195 

304.1 

1000 

30 

927 

.0738 

1452,0 

. 360 

1. 280 

1 .821 

. 024 4 

61 .58 

• 0 196 

306.5 

1500 

. 20 

8 48 

- 0763 

1433.7 

. 354 

1.886 

1.845 

• 086 6 

83.38 

• 0 199 

310.5 





r - 1.20; 

percent fuel — 26.07; 0/P - 

2.83S 




10 

30.00 

2315 

0. 0505 

2347 . 1 

0.446 

1. 230 

1 .366 

0 .004 9 

8 .81 

0 .0161 

219.6 

15 

20 00 

2145 

. 0 521 

2271 . 6 

.441 

1.234 

1.349 

. 006 1 

2.88 

. 0164 

334.0 

20 

15.00 

2031 

. 0533 

2221 . 5 

. 437 

1.236 

1.403 

. 007 1 

3 .50 

• 0 166 

243.2 

30 

10 . 00 

1879 

• 0550 

2155 , 4 

.432 

1.240 

1 .468 

. 008 5 

4 .63 

.0169 

254 .7 

40 

7 . 50 

17 77 

. 0553 

‘2111.5 

. 428 

1. 342 

1 .511 

. 0095 

5 .68 

.0171 

262.1 

60 

5 • 00 

16 41 

, 0 581 

2053 . 7 

. 422 

1.247 

1.565 

.0111 

7 .59 

. 0 174 

37 1 .7 

80 

3,75 

1549 

. 0595 

2015 • 4 

.417 

1.250 

1.600 

.012 8 

9 .35 

. 0 177 

277.8 

100 

3 ,00 

14 82 

. 0505 

1987 . 1 

. 414 

1.353 

1 .626 

• 013 1 

11 .00 

. 0178 

282.2 

150 

S . 00 

1354 

• 0626 

1939.0 

.407 

1.258 

1 .668 

. 0149 

14.81 

. 0 181 

389.4 

200 

1 , 50 

13 85 

• 0 64 1 

1907.3 

. 402 

1. 262 

1.695 

.016 8 

18 .30 

.0 183 

294.1 

300 

1.00 

1181 

, 0663 

1855.4 

. 395 

1. 268 

1.730 

.018 1 

24 .71 

.0186 

300.3 

400 

• 7S 

1111 

. 0679 

1837.9 

.390 

1. 272 

1.753 

.0195 

30 .59 

. 0188 

304.8 

600 

, SO 

10 16 

. 0703 

1801.9 

. 383 

1.879 

1.783 

.0315 

41.34 

. 0 191 

309.3 

800 

, 37 

956 

.0719 

1778 . 2 

.378 

1.384 

1.808 

.0330 

51.30 

.0193 

313.6 

1000 

, 30 

909 

.0733 

1750 . 9 

. 374 

1.28 8 

1.815 

.024 2 

60.43 

.0 195 

315.0 

1500 

. 20 

830 

. 0758 

1731 . 5 

.367 

1. 3 9« 

1.839 

.036 4 

81 .68 

.0198 

319.0 





r - 1.50; 

percent fuel " 27. 

64; 0/9 - 

3.618 




10 

30 .00 

22 97 

0.0489 

3507 . 4 

0, 454 

1.233 

1,265 

0 .004 7 

8 . 20 

0 . 0156 

222,1 

IS 

30.00 

3137 

..0505 

2430 , 4 

. 449 

1.337 

1.349 

.0059 

3 . 87 

. 0 159 

836.7 

20 

15.00 

3013 

.0 515 

2379 , 3 

.445 

1.339 

1,401 

.006 8 

3.48 

.0163 

345.9 

30 

10 ,00 

1860 

• 0 538 

3311 . 9 

• 440 

1.243 

1,467 

, 008 8 

4 .61 

. 0 165 

357.5 

40 

7 . 50 

1758 

, 0 544 

2267 , 2 

.435 

1.246 

1.510 

• 0098 

5.65' 

. 0 167 

26 5.0 

60 

5 . 00 

1622 

. 0562 

2208 . 4 

.489 

1 . 250 

1.564 

.0107 

7 .55 

.0170 

374.5 

80 

3 .75 

1531 

, 0 575 

8169 . 5 

.424 

1.354 

1.599 

. Oil 8 

9 .29 

.0173 

280.6 

100 

3 .00 

14 53 

• 0586 

2140 • 8 

.421 

1.257 

1.624 

. 012 7 

10 .93 

.0173 

28 5,0 

150 

2,00 

1346 

• 0606 

2091 . 9 

.414 

1.262 

1.666 

. 014 4 

14 .70 

.0176 

893.3 

200 

1 • 50 

1267 

, 0620 

2059 . 7 

. 409 

1,266 

1 .693 

.0156 

18 .16 

.0 178 

397.1 

300 

1 . 00 

1163 

, 0642 

3017.4 

.401 

1. 373 

1.788 

.0175 

24.49 

• 0181 

303.3 

400 

. 75 

1093 

.0 557 

198 9 . 5 

. 396 

1.377 

1.750 

. 018 8 

30 .29 

. 0 183 

307.8 

600 

.50 

1000 

• 0680 

1953,1 

. 3 88 

1. 284 

1.780 

.0808 

40 .90 

• 0186 

312,3 

800 

. 37 

938 

. 0696 

1929.2 

. 383 

1.889 

1.798 

.022 2 

50 .61 

• 0 188 

315.6 

1000 

• 30 

892 

. 0709 

1911 . 7 

. 379 

1.393 

1.818 

. 023 4 

59.71 

. 0189 

318.0 

1500 

• 80 

613 

. 0733 

1882 . 0 

. 373 

1.300 

1.835 

. 025 5 

80.61 

.0193 

383.1 





r - 1.40; 

percent fuel — 29.15; O/P « 

2.451 




10 

30 .00 

22 67 

0 . 0456 

2663 . 2 

0 .074 

1.237 

1.265 

0 . 004 3 

2 .80 

0 • 0148 

224,0 

IS 

20 . 00 

20 97 

.0473 

2565 . 1 

. 456 

1.240 

1.348 

. 0055 

8 .86 

. 0 151 

838.7 

20 

15.00 

1983 

, 0483 

8533.3 

. 458 

1.843 

1.400 

. 006 3 

3 .47 

. 0153 

248,0 

30 

10 , 00 

1831 

• 0 499 

246 5 , 0 

• 446 

1. 847 

1 .466 

.007 6 

4 .59 

• 0155 

259.7 

40 

7 . 50 

17 29 

.0510 

8419.8 

. 443 

1.^ 250 

1.509 

. 008 5 

5 .62 

. 0 157 

36 7.1 

60 

5,00 

15 94 

. 0537 

2360 . 4 

. 4 35 

1. 854 

1.562 

.0099 

7 .50 

. 0 160 

376.6 

80 

3.75 

1503 

.0539 

3321.0 

. 430 

1.358 

1.597 

. 0110 

9 .22 

,0162 

262.8 

100 

3 , 00 

1435 

. 0549 

8292 . 1 

.487 

1. 261 

1 .622 

. 0118 

10 .64 

. 0 164 

887.3 

150 

8.00 

1319 

. 0567 

2848 . 8 

.419 

1.267 

1.663 

,013 4 

14 .57 

• 0 166 

394.6 

200 

1.50 

18 41 

. 0581 

8210.3 

. 4 14 

1.871 

1.690 

,014 5 

17.99 

. 0 168 

399.3 

300 

1.00 

1137 

. 0601 

2167 . 8 

.406 

1.278 

1.785 

.016 3 

24 .23 

. 0 171 

305.4 

400 

.75 

1068 

. 0615 

2139.8 

.401 

1. 282 

1.747 

.0175 

29 ,95 

, 0173 

309.4 

600 

. 50 

976 

.0636 

2103 . 2 

. 393 

1. 290 

1.776 

.019 3 

40 .39 

. 0 175 

314.5 

800 

. 37 

914 

. 0651 

8079 , 2 

• 388 

1.895 

1.795 

. 0207 

49.93 

, 0 177 

317.8 

1000 

. 30 

8 69 

. 0663 

3051 . 7 

. 384 

1.299 

1.808 

.0817 

58 . 87 

. 0 178 

320 .2 

1500 

, 20 

791 

. 0 684 

2032.0 

.377 

1.306 

1.831 

. 083 6 

79 .37 

. 0 181 

324.2 


®Fuel In propellant, percent by weight 
^Oxldant-to-fuel ratio, by weight. 
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TABLE V. - Continued. THEORETICAL ROCKET PERFORMAHCE FOR PRESSURE RATIOS BETHEEH 10 AND ISOO FOR JP-t FUEL AHD LIQUID 

OXEOEH WITH FROZEN COMPOSITIOH DURIHQ ISENTROPIC PROCESS 
(a) Concluded. Chamber preaaurej 500 pounds per square Inch absolute. 


Prefl- 

flur© 

ratio. 

PreeBure, 

P, 

Ib/sq In. 
abB 

Temper- 

ature, 

T, 

Temper- 

ature 

exponent, 

"t 

Enthalpy, 

\ 

oal/g 

Speeiflo 
heat, Cn, 
cal 

r8j(“K) 

Efien- 

troplo 

exponent, 

y 

Thrust 

coeffi- 

cient, 

Cp 

Area-ratio 

exponent. 

Area 

ratio, 

t 

Speclflc- 

Impulse 

exponent, 

“I 

Specific 

Impulse, 

I, , 

Ib-Beo/lb 





r - 1.50 

; percent fuel - 30 

.59; 0/F - 2.269 




10 

30 .00 

33 33 


2815.6 

0 . 468 

1.341 

1.365 


2 .19 


225.3 

15 

20.00 

2054 


2736.9 

.462 

1.244 

1.347 


3 .85 


340.0 

30 

15.00 

1940 


2664 • 7 

. 458 

1.347 

1.399 


3 .45 


349.3 

30 

10 . oo 

1790 


2616.1 

. 453 

1. 351 

1.465 


4 .56 


86 1.0 

40 

7 . 50 

1669 


3570 • 6 

.447 

1.355 

1.507 


5 .58 


368.5 

60 

5 .00 

1554 


2511 . 0 

. 441 

1.360 

1.560 


7.44 


27 8.0 

60 

3.75 

1464 


3471 . 5 

. 4 36 

1. 263 

1.595 


9 .15 


884.1 

100 


13 97 


2442.5 

. 431 

1.267 

1.619 


10 .74 


888.5 

150 


12 53 


339 3 • 3 

. 424 

1.273 

1 .661 


14 .43 


395.8 

200 

1 . so 

13 05 


2360 . 7 

.419 

1.377 

1.687 


17.78 


300.6 

300 

1 . 00 

1103 


2316.3 

. 411 

1.284 

1.731 


23.93 


306.6 

400 

.75 

1034 


3290 . 4 

.405 

1. 269 

1.743 


29 .54 


310.6 

600 

. 50 

944 



. 397 

1.396 

1.772 


39 .78 


315.6 

800 

. 37 

6 83 


KK-TW-I 

. 393 

1. 302 

1 .790 


49.14 


318.9 

1000 

. 30 

6 36 


2313.7 

. 388 

1.306 

1.603 


57.88 


331.3 

1500 

. 20 

768 


3183 . 3 

. 381 

1.313 

1.826 


77 .92 


335.8 









10 

30 .00 

3163 

0 . 0 366 

2965 . 7 

0.473 

1.346 

1 .364 

0 • 003 4 

3.18 

0.0121 

385 .8 

15 

30 .00 

1996 

. 0 378 

3886 . 4 

.468 

1.350 

1.347 

.0043 

8 .83 

.0133 

340 .5 

30 

15.00 

16 84 

. 0 386 

8834.3 

. 4 63 

1.853 

1.398 

. 004 9 

3.43 

. 0185 

349.6 

30 

10 .00 

17 35 

. 0 398 

3766 . 3 

.467 

1.257 

1.464 

.005 9 

4 .53 

. 0 137 

26 1 .4 

40 

7 . 50 

16 35 

. 0 407 

2721.1 

. 4 53 

1. 361 

1.505 

.0067 

5 .54 

. 0 188 

268.8 

60 

5 .00 

1503 

• 0 420 

3661 . 3 

. 445 

1. 266 

1.556 

. 007 8 

7 .37 

.0131 

278.3 

60 

3 .75 

14 14 

. 0430 

3633.2 

.440 

1. 370 

1.592 

. 008 6 

9 .05 

. 0 132 

284.4 

100 

3 • 00 

13 48 

. 0436 

2593.8 

. 4 35 

1.273 

1 .617 

. 0093 

10 .63 

.0133 

388.7 

150 

3.00 

1335 

• 0453 

3544 . 6 

. 428 

1.380 

1.657 

.0105 

14 .34 

. 0135 

89 6.0 

200 

1 • SO 

1159 

. 0 463 

2513.7 

. 423 

1.384 

1.684 

.0114 

17 .55 

.0137 

300.7 

300 

1 .00 

1059 

• 0 478 

2470 . 6 

.414 

1.391 

1.717 

.0127 

23 .57 

.0139 

306.7 

400 

. 75 

9 93 

• 0489 

2443.3 

.408 

1.297 

1.739 

.0137 

29 .07 

.0140 

310.6 

600 

. 50 

903 

. 0 505 

3407.4 

.401 

1.304 

1.767 

.015 1 

39 .08 

.0142 

315.6 

600 

. 37 

844 

.0 517 

3383 . 2 

. 395 

1.310 

1.785 

.016 1 

48.21 

.0143 

318.8 

1000 

. 30 

801 

. 0535 

2366 • 6 

.391 

1.314 

1.798 

.016 9 

56 .73 

.0144 

321.1 

1500 

. 30 

736 

. 0541 

2337.8 

. 384 

1.321 

1.630 

.0183 

76 .35 

. 0 146 

325.0 

mm 




r - 1.80; percent fuel - 54 

.69; 0/P 

• 1.891 




10 

30 . 00 

3000 

0.0239 

3360.4 

VSWIT'^S 

1.358 

1.363 

0 .0033 

3 .16 

0 . 0081 

884.4 

15 

20.00 

18 39 

• 0346 

3183 . 5 


1. 263 

EBxU 

.0037 

3 .80 

.0 083. 

838.9 

30 

15.00 

17 32 

• 0252 

3133.7 

. 471 

1.266 

1.396 

. 0033 

3 .38 

. 0 084 

348.0 

30 

10.00 

1589 

. 0 359 

3066 . 1 

. 4 64 

1.271 

1.460 

. 0038 

4 .45 

. 0 085 

859.4 

40 

7 . 50 

14 94 

. 0 365 

3032*3 

* 4 58 

1.275 

1.501 

. 004 3 

5.43 

.0086 

266.7 

60 

5 . 00 

1368 

• 0 374 

3964.9 

.450 

1. 361 

1.553 

. 005 0 

7 .31 

.0 087 

875.9 

80 

3 .75 

13 84 

. 0 380 

2937 . 1 

. 445 

1.366 

1.586 

. 005 5 

8 .83 

. 0 088 

381.7 

100 

3 .00 

1331 

. 0 885 

3699 . 5 

.440 

1. 390 

1.610 

. 006 0 

10 .34 

.0089 

886.0 

ISO 

3 . 00 

1114 

. 0394 

3652.7 

.433 

1.397 

1.649 

. 006 7 

13.81 

*0090 

893.0 

300 

1 . 50 

1043 

k 1 l| 

8883.0 

. 436 

1.308 

1 .675 

.0073 

16.98 

.0091 

897.5 

300 

1 .00 

9 46 

k 

8782.2 

.418 

1. 310 

1.707 

. 008 1 


. 0098 

303.3 

400 

.75 

885 


3756.1 

.413 

1.315 

1.738 

.0087 


• 0093 

307.0 

600 

. 50 

803 

k ^ 

2733.3 

.405 

1. 333 

1.755 


37.42 

• 0094 

311.8 

600 

. 37 

7 46 

b k k] 

2700.3 

. 400 

1.386 

1.778 



*0095 

314.8 

1000 

. 30 



3664.3 

.396 

1.333 

1.785 

^BVSluv.t 

KW’TJ 

. 0 096 

317.0 

1500 

. 30 


^lE i [ m 


. 390 

1.340 

1 .805 

HEuCl 

73 .38 

• 0097 

380.7 











10 

30 .00 

1600 


3548.5 

0.487 

1.373 

1.268 


8.13 


880.8 

15 

30.00 

1649 


3475 . 3 

. 460 

1.279 

1.343 


3 .76 


834 .8 

30 

15.00 

1546 


3437.3 

^ 

1. 383 

1.393 


3 .33 


843.0 

30 

10 .00 

14 15 


3364 . 4 

c V 79 

1. 269 

1.456 


4 .36 


854.0 

40 

7 . 50 

13 36 


3333.1 

" w ifl 

1.394 

1.496 


5 . 30 


861.0 

60 

5.00 

1309 


3869 . 4 

^B . • b9 

1.300 

1.547 


7 .08 


369.8 

80 

3 . 75 

1130 


3334.3 

^B . r r9 

1.306 

1.579 


8 .57 


275 .4 

100 

3.00 

10 73 


3308.5 

HiT3 

1. 310 

1 .603 


10 .08 


879.4 

150 

3 .00 

9 74 


3165 . 1 

. 434 

1.317 

1.640 


13 • 33 


88 6.1 

300 

1 . 50 

9 08 


3136.6 

. 4 89 

1.383 

1.665 


16 .32 


890.4 

300 

1.00 

688 


3100.1 

• 431 

1.3 31 

1 .696 


31 .75 


895.8 

400 

.75 

765 


3076 . 3 

• 416 

1.336 

1 .716 


86 .68 


899.3 

600 

. 50 

6 90 


3045 . 4 

.409 

1.343 

1.741 


35.58 


303.8 

600 

. 37 

641 


3085.4 

. 405 

1.346 

1.758 


43.64 


30 6 . 6 

1000 

. 30 

605 


3010.8 

. 403 

1.353 

1.769 


51 .14 


308 .7 

1500 

.30 

544 


8966 . 5 

. 397 

1.358 

1 .769 


68 .23 


312.1 
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TABLE V. - Continued. THEOREnCAL ROCKET PERFORHANCE FOR PRESST3RB RATIOS BETWEEH 10 AND 1500 FOR JP-4 FUEL AND LIQUID 

OXYOKN WITH FROZEN COMPOSITIOM DORINQ ISENTROPIC PROCESS 


(b) Chamber preasure^ 600 pooxuls per square Inch absolute. 


Pres- 

sure 

ratio, 

PoA 

Pressure, 

P, 

Ib/sq In. 
. abs 

Tempei*- 

ature, 

S' 

Ok 

Temper- 

ature 

exponent. 

Enthalpy, 

cal/s 

Specific 
heat, Cp, 
cal 

Tiir^ 

laen- 

troplo 

exponent, 

y 

Dmist 

coeffi- 

cient, 

Cp 

Area- 

ratio 

exponent. 

Ai^a 

ratio, 

t 

Speoiflo- 

Impulse 

exponent. 

Specific 

Impulse, 

I. , 

Ib-seo/lb 




IHlHi 

r - l.OOj 

percent fuel « 22.71; O/P •• 

3.403 




10 

5 0.00 

2403 

0. 0509 

1998 . 0 

0.430 

1.228 

1.265 

0 .004 9 

a . 2 a 

0.0151 

315.6 

15 

40.00 

2233 

.0585 

1924 . S 

.426 

1.225 

1.350 

.0058 

a .90 

. 0155 

889.8 

80 

30 .00 

8117 

.0537 

1875 . 0 

• 422 

1. 227 

1.4 04 

.007 8 

3 .53 

. 0167 

338.8 

30 

20 . 00 

1953 

. 0555 

1811 . S 

.417 

1.230 

1.471 

.008 5 

4.59 

.0170 

as 0 . 3 

40 

15.00 

I8 60 

.0557 

1758 . 6 

.413 

1.232 

1.514 

.0095 

5 .76 

.0173 

357.7 

60 

10 • 00 

1788 

. 0586 

1712.0 

.408 

1.235 

1.559 

.0118 

7.71 

.0175 

857.0 

80 

7 . 50 

1589 

. 0599 

1574 . 5 


1.239 

1 .'5 0 5 

.0123 

9 . sa 

.0178 

273.1 

100 

5 .00 

1561 

• 0610 

1545 . 7 


1.848 

1.531 

.0133 

11 .ai 

.0179 

377.5 

150 

4 • 00 

14 41 

. 0631 

1599 . 3 

. 395 

1.845 

1.674 

.0150 

15.13 

.0188 

884.8 

200 

3 • 00 

1351 

• 0646 

1557 . 9 

• 390 

1.250 

1 .702 

.015 3 

18 .74 

. 0 185 

389.5 

300 

8 .00 

1355 

. 0668 

1525.5 

.384 

1.255 

1.738 

* 018 2 

35 . 37 

. 0 188 

395.7 

400 

1 . 50 

1183 

.0664 

1499 . 2 

. 379 


1.751 


31 .47 

. 0 190 

299.7 

600 

1 . 00 

1087 

. 0708 

1453.3 

.373 

m VV'-V.'V.I 

1.798 

.021 7 

42.67 

.0193 

304.9 

600 

.75 

1084 

. 0725 

1439.6 

.358 

1. 269 

1.813 

.0838 

58.95 

. 0195 

308.8 

1000 


975 

. 0738 

1422.3 

. 364 


1.885 

. 084 4 

58.53 

. 0196 

310.7 

1500 


894 


1392 . 7 

.357 

DESa 

1.850 

• 026 6 

84 .94 

. 0 199 

314.8 







2.836 




10 

6 0.00 

2398 

0.0505 

2334 . 6 

nem 

1.225 

1.266 

0.0049 

a .28 

0 . 0 151 

322.0 

IS 

40 .00 

22 34 

.0^21 

2257 . 2 

Km 

1.229 

1.350 

.005 1 

a .89 

.0154 

236.7 

80 

30 .00 

2107 

.0533 

2205 . 7 

■EZEl 

1.232 

1.4 03 

.007 1 

3.51 

. 0 155 

346.0 

30 

20 . 00 

1952 

. 0550 

2137 . 7 

.434 

1.235 

1.470 

.0085 

4.65 

. 0 169 

257.7 

40 

15.00 

18 47 

• 0562 

2092 « 5 


1.238 

1.512 

.0095 

5 .71 

. 0 171 

355.3 

60 

10 . 00 

1708 

• 0 581 

2032.9 


1.242 

1.557 

.0109 

7.55 

. 0 174 

374.9 

80 

7 .50 


. 0595 

1993 . 4 


1.245 

1.602 

.018 8 

9 .43 

. 0177 

881.0 

100 

5 . 00 


. 0505 

1964 . 3 

.4 17 

1.247 

1.628 

.013 1 

11.10 

. 0 176 

385.5 

150 

4 . 00 

14 25 

. 0626 

1914.5 

.410 

1.852 

1.671 

.014 8 

14.96 

. 0181 

393.0 

200 

3 . 00 

1344 

. 0641 

1881 , 6 

. 406 

1.866 

1.698 

.016 2 

18 .51 

.0103 

897.9 

300 

3 .00 

12 37 

• 0663 

1838.4 

. 399 

1.262 

1.734 

. 018 1 

25 .03 

. 0185 

304.1 

400 

1 .50 

1155 

. 0679 

1809.8 

. 394 

1.366 

1.7 57 

.0195 

31 .00 

.0188 

308.2 

600 

1 .00 

10 59 

. 0702 

1772 . 4 

.386 

1.878 

1 .707 

. 0215 

41 .96 

. 0 191 

313.4 

800 

.75 

1004 

. 0719 

1747.8 

.381 

1.277 

1.805 

.0230 

52 .02 

.0193 

316.8 

1000 

. 60 

957 

. 0733 

1729.7 

. 377 

1.281 

1.820 

.024 3 

51.46 

. 0 195 

319.3 

1500 

• 40 

875 

. 0758 

1699 . 0 

. 370 

1.28 8 

1.844 

• 026 4 

83.19 

.0198 

323.4 





r - 1.50; 

percent fuel *27.6 

4; oA - 

2.618 




10 

50.00 

23 77 

0.0489 

8495.0 

0. 456 

1.229 

1.256 

B 1 

2 .21 

0 . 0155 

324.5 

15 

40.00 

2202 

. 0505 

2416.0 

. 451 

1.238 

1.349 

II Li 

2.88 

. 0 159 

239.3 

20 

30 .00 

20 86 

1V.I 

2363 • 5 

.447 

1. 235 

1.402 


3 .50 

. 0163 

248.7 

30 

20 .00 

1930 


3294 • 3 

. 442 

1.238 

1.469 

B : s 1 i 

4 .64 

. 0165 

260,5 

40 

15.00 

18 25 

lE-V 

2348.3 

. 436 

1.241 

1.511 


5 .69 

. 0 157 

26 8.1 

50 

10.00 

16 86 


2187 . 8 

• 4 32 

1.245 

1.566 

. 0107 

7 . 60 

.0 170 

377 .7 

eo 

7 . 50 

1593 

. 0 575 

2147.7 

. 427 

1. 249 

1.601 

• 0118 

9.37 

. 0172 

283.9 

100 

5 .00 

1523 

. 0 586 

3118.1 

. 4 24 

1.251 

1 . 6 26 


11 .02 

.0 173 

288.4 

ISO 

4 .00 

14 03 

. 0606 

2067 . 6 

. 417 

1.256 

1 .668 


14 . 84 

. 0 176 

295.9 

aoo 

3 .00 

1333 


2034.3 

.412 

1.260 



18.36 

.0 178 

300.8 

300 

8 .00 

1216 

^BvSw.'T •'.a 


.405 

1 . 26 6 

:k*ti 

.017 5 

24 .79 

• 0181 

307.1 

400 

1 . 50 

1144 

. 0557 


. 399 

1.271 


. 0188 

30 .69 

. 0 183 

311.1 

600 

1 . 00 

1048 

. 0660 

1923.9 

. 392 

1.277 

1.784 

. 0208 

41.49 

.0 186 

316.4 

eoo 

.75 

984 

. 0696 

1899 .0 

. 387 

1. 282 

1.803 

.022 2 

51.40 

.0 188 

319.6 

1000 

. 60 

937 


188 0 • 8 

. 382 

1.286 

1.817 

. 023 4 

60 . 68 

.0 189 

332.3 

1500 

.40 

855 


1849.9 

. 375 

1.293 

1.840 

.025 5 

82.04 

. 0 192 

326.4 
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TABLE V. - Concludedj THEORETICAL ROCKET PKRFORMAHCE FOR PRESSURE RATIOS BETWEHJ 10 AHD 1500 FOR JP-4 FUEL AHD LIQUID 

OXyOEN Wim frozen C0S4P0SITI0N dorinq isentropic process 
( b) Concluded. Chamber preaaure, 600 pounds per squeire Inch absolute. 


Pres- 

sure 

ratio, 

p/p 

Pressure, 

P, 

Ib/sq In. 
abs 

Temper- 

ature, 

li. 

OK 

Temper- 

ature 

exponent, 

“t 

Enthalpy, 

oal/g 

Specific 
heat. Op, 
oal 

Isen- 

tropio 

exponent 

T 

Thrust 

coeffi- 

cient, 

Cp 

Area- 

ratio 

exponent, 

ns 

Area 

ratio, 

c 

Specific- 

impulse 

exponent, 

“I 

specific 

impulse, 

Ib-seo/lb 





r - 1.40; 

percent fuel - 29.15; O/F - 

2.431 




10 

60 . 00 

3341 

0. 0458 

3651.2 

0.463 

1 ; 2 3 3 

1.265 

0 . 004 3 

i.id 

~ir:di46 


IS 

40.00 

3167 

. 0473 

2571 . 3 

. 458 

1.836 

1.349 

. 005 5 

a .87 

.0151 

241.2 

20 

30 .00 

2050 

.0463 

8518 • 8 

.454 

1.839 

1.401 

. 006 3 

3.49 

.0153 

250.6 

30 

80 • 00 

1895 

.0499 

8448.1 

. 449 

1.843 

1.467 

• 007 6 

4 .61 

.0155 

262.5 

40 

15.00 

1791 

.0510 

3401.7 

.444 

1.845 

1.510 

. 008 5 

5.65 

. 0 157 

37 0.1 

60 

10 . 00 

1653 

. 0537 

3340 . 6 

• 436 

1.850 

1.564 


7 .55 

.0160 

379.7 

80 

7 • 50 

15 60 

« 0539 

8300 . 2 

.433 

1.253 

1.599 

HHj 

9 .29 

.0168 


100 

6.00 

1491 

. 0 549 

8870 . 4 

. 429 

1. 856 

1 .624 

. 0118 

10.93 

. 0164 


150 

4 • 00 

1372 

. 0 567 

3819 . 6 

. 423 

1.868 

1 .666 

. 013 4 

14 .71 

. 0 166 

398.0 

800 

3.00 

1398 

. 0581 

8186 .0 

.417 

1.866 

1.693 

.014 5 

18 .17 

• 0168 

303.8 

300 

8 • 00 

lias 

. 0601 

8148 • 1 

.410 

1.878 

1 .788 

.016 3 

24 .50 

. 0171 


400 

1 . 50 

1114 

• 0615 

2113.1 

.404 

1.277 


.0175 

30 .31 

, 0173 


600 

1 . 00 

1080 

• 0636 

2075 . 3 

.396 

1.284 

LvwJ:|i] 

.0193 

40 .93 


318.3 

800 

.75 

956 

. 0 651 

8050 .4 

.391 

1.289 


.0207 

50 .65 

BCfCSl 

321.7 

1000 

• 60 

910 

.0663 

8038 . 2 

.387 

1.893 

1.813 

.0817 

59 .76 

. 0 178 

384.8 

1500 

. 40 

839 

^ 0664 

8001 . 3 

. 379 

1.300 

1.835 

. 023 6 

80 .68 

.0181 

326.3 





r - 1.60; 

percent fuel — 31.98; O/F - 

2.127 




10 

60.00 

83 16 

0 . 0 366 

8955.7 

0 . 475 

1.843 

1.365 

0 . 003 4 

8.18 


887.7 

15 

40 . 00 

3048 

. 0378 

2675 « 4 

. 469 

1.247 

1 .347 

. 004 3 

2 .84 


242 .6 

80 

30.00 

1935 

• 0386 

2682.2 

.465 

1.849 

1.399 

.004 9 

3 .44 


851.9 

30 

80 .00 

1783 

• 0398 

8758.3 

.459 

1.254 

1 .465 

. 005 9 

4 .55 

fM 

263.7 

40 

15.00 

1688 

• 0 407 

3706.1 

.454 

1.257 

1.506 

. 006 7 

5 .56 

. 0128 

37 1.3 

60 

10 .00 

1547 

• 0480 

8645 . 3 

.447 

1. 262 

1.559 

. 007 8 

7.41 

. 0131 

280.8 

80 

7 . 50 

14 57 

• 0430 

3605.2 

.442 

1.266 

1.594 

. 008 6 

9 .11 


287.0 

100 

6.00 

1390 

• 0436 

2575 . 6 

. 4 38 

1.369 

1.618 

.0093 

10.70 


291.4 

150 

4 • 00 

1874 

. 0453 

8525 . 6 

.430 

1.875 

1 .659 

.0105 

14 .35 

.0135 

296.8 

800 

3.00 

1197 

. 0463 

2498 .7 

. 424 

1.280 

1 .686 

.0114 

17.69 

.0137 

303.6 

300 

8.00 

1094 

.0478 

2449 .6 

.416 

1.387 

1.730 

.013 7 

23.78 

.0139 

309.7 

400 

1.50 

1086 

.0489 

2481 . 3 

.411 

1.898 

1.742 

.013 7 

89 .35 

.0140 

313.6 

500 

1.00 

935 

.0505 

2384 .4 

.403 

1.300 

1.770 

.015 1 

39.49 

. 0148 

318.7 

800 

.75 

875 

.0517 

8360 «2 

. 397 

1.305 

1.788 

.016 1 

48.75 

.0143 

388.0 

1000 

. 60 

830 

. 0525 

3342 . 6 

. 393 

1.309 

1.801 

.016 9 

57 .40 

.0144 

384.3 

1500 

. 40 

754 

. 0541 

3318.8 

.386 

1.317 

1 .823 

.018 3 

77.23 

.0 146 

388.3 





r - 1.80) 

percent fuel - 34.59; 0/P « 

1.S91 




10 

60.00 

8033 

0. 0339 

3253.8 

0.483 

1.356 

1.364 

0.008 2 

3 .16 

0 . 0081 

225.7 

15 

40 .00 

1871 

• 0846 

3175 . 9 

.477 

1.861 

1.345 


2 .80 

. 0 083 

340.3 

80 

30.00 

1768 

. 0853 

3134.4 

.473 

1.364 

1.396 


3.39 

. 0084 

249,4 

30 

30 . 00 

1618 

. 0359 

3056 . 9 


1.869 

1.461 

.003 8 

4.46 

. 0 085 

260,9 

40 

15.00 

1588 

.0865 

3013.4 


1.373 

1.503 

. 004 3 

5.45 

. 0 086 

268.2 

60 

10 .00 

1394 

• 0874 

8954 .8 

. 452 

1.379 

1.554 

.005 0 

7 .23 

. 0 087 

277.5 

eo 

7 . 50 

1309 

• 0860 

3915 .9 


1.884 

1.587 

.005 5 

8.86 

. 0088 

283.5 

100 

6.00 

1845 

.0 385 

3887 . 8 


1.387 

1 .611 

. 006 0 

10.39 

.0 089 

287.7 

150 

4 • 00 

1137 

.0 394 

2840.3 

.433 

1.894 

1.651 

.0067 

13.88 

. 0 090 

394.8 

800 

3.00 

1064 

.0300 

2809 . 1 

.488 

1. 899 

1.676 

. 007 3 

17.06 

. 0 091 

299,4 

300 

3.00 

969 

.0310 

2768 . 5 

. 4 20 

1.307 

1.709 

.008 1 

23.84 

. 0 092 

305 .2 

400 

1 . SO 

905 

. 0317 

8742.0 

. 414 

1.318 

1.730 

. 008 7 

38 . 11 

. 0 093 

309.0 

600 

1.00 

881 

. 0386 

8707.5 


1.320 

1.757 

.009 6 

37 .67 

. 0 094 

313.8 

800 

.75 

765 

.0 333 

3605 . 1 


1.336 

1.774 

. 010 1 

46 .36 

. 0095 

316.9 

1000 

. 60 

784 

. 0 338 

8668.7 


1.330 

1.787 

. 010 6 

54.46 

. 0 096 

319.8 

1500 

• 40 

654 

.0347 

8641.8 


1.337 

1.608 

.0114 

78 .96 

. 0 097 

328.9 








qES^HI 




10 

60.00 

936 


4813.8 

0,494 

1.351 

1.858 


2 .02 


18 0,5 

IS 

40 .00 

843 


4767.6 

.486 

1.359 

1.333 


8 . 57 


19 1.3 

80 

30.00 

780 


4737.7 

.481 

1.364 

1.380 


3.06 


19 8.0 

30 

80.00 

700 


4699 . 3 

.474 

1.371 

1.437 


3 .96 


806,3 

40 

16.00 

647 


4674 . 4 

.470 

1.375 

1.473 


4 .76 


811.5 

60 

10.00 

579 


4643 . 6 

.465 

1.381 

1.518 


6 ,20 


317 ,9 

80 

7.50 

535 


4688.0 

• 468 

1.38 4 

1.547 


7.49 


223.0 

100 

6.00 

503 


4607.8 

. 4 60 

1.387 

1.567 


8 ,69 


224 .9 

150 

4.00 

449 


4588 • 5 

.457 

1.391 

1 .600 


11 ,39 


229.6 

300 

3.00 

414 


4566 . 6 

.455 

1.393 

1.681 


13 .83 


232,6 
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TABLE VI. - THEORETICAL ROCKET PERFORMANCE FOR COMPLETE EXPANSION TO EXIT PRESSURE 
OF 1 ATMOSPHERE FOR JP-4 FUEL AND LIQUID OXYGEN 
[Frozen composition during isentropic process.] 


Equiva- 

lence 

ratio, 

4(C)+(H) 

Percent 
fuel by 
vieight 

Oxldant- 

to-fuel 

weight 

ratio, 

0/F 

Combus- 

tion 

temper- 

ature. 

Exit 

temper- 

ature. 

Charac- 

teris- 

tic 

veloc- 

ft/sec 

Thrust 

coeffi- 

cient, 

Cp 

Area 

ratio, 

e 

Specific 

impulse, 

1 , 

lb-sec 

ib 

2(0J 


Combustion-chamber pressurej 

300 Ib/sq in. abs 


1.00 

22.71 

3.403 

3 507 

2032 

54 15 

1.406 

3.57 

236.7 

1.30 

2 6.07 

2.836 

3 523 

20 23 

5582 

1.405 

3.55 

243.8 

1.30 

27.64 

2.618 

3 511 

2004 

56 47 

1.405 

3.53 

246 .5 

1.40 

2 9.15 

2.431 

3 48 2 

1975 

56 97 

1.404 

3.52 

248.6 

1.50 

30.59 

2.269 

3 433 

19 33 

57 32 

1.403 

3.50 

2 49 .9 

1.60 

3 1.98 

2.127 

3363 

1876 

57 46 

1.402 

3.48 

250.4 

1.80 

3 4.59 

1.891 

3 160 

17 24 

57 16 

1.399 

3.43 

248.6 

2.00 

37.01 

1.702 

2 90 0 

1541 

56 13 

1.396 

3.37 

2 4 3.6 

Combustion-chamber pressure, 600 Ib/sq in. abs 

1.00 

22.71 

3.403 

3 612 

1853 

5475 

1.517 

5.84 

258.2 

1 . 20 

2 6,07 

2.836 

3628 

18 40 

56 43 

1.515 

5.80 

265.8 

1.30 

27.64 

2,618 

3 612 

18 18 

57 07 

1.514 

5.77 

268 . 6 

1.40 

2 9.15 

2.431 

3 576 

17 8 4 

57 55 

1.513 

5.73 

270.6 

1.50 

30.59 

2.269 

35 18 

17 3 7 

5785 

1.511 

5.69 

271.7 

1.60 

31.98 

2.127 

3 4 3 6 

167 5 

5794 

1.509 

5.64 

271.8 

1.80 

3 4.59 

1.891 

3205 

1515 

5 747 

1.504 

5.52 

268 .7 

2.00 

3 7.01 

1.702 

2 9 2 3 

133 3 

5630 

1.499 

5.39 

262.3 

3.00 

4 6.85 

1,13 4 

1657 

6 4 4 

4 6 18 

1.476 

4.83 

2 11.8 
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20 24 28 3 2 36 40 


Fuel in propellant, percent "by wei^t 

I I I I I I I I I I I I I 

4,0 3.0 2.0 1.5 

Oxldant-to-fuel ratio, O/f 


(a) Chamber pressure, 300 pounds per square inch absolute . 
Ehcponent Uj for use in equation I = Isools^J • 


Figure 1. - Iheoretical specific impulse of JP-4 f\iel with 
liquid oxygen. Frozen composition during isentropic ex- 
pansion to pressure ratio indicated. 
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Pressure 


Speclric 

impulse 

expeoen-fe 




Em 


StoicrLionietric 

ratio 


I .014 ‘^^^.OIO 



24 28 32 3 

Fuel in propellant, percent by wei^t 

I [III I III 


Oxidant-to-fuel ratio, 0/F 

(b) CSiajnber pressure, 600 pounds per square incb absolute. 

/^c 

Exponent nj for use in equation I = 3^ool 0 qq j • 

Figure 1. - Concluded. Theoretical specific Impulse of JP-4 
fuel with liquid oxygen. Frozen composition during Isen- 
troplc expansion to pressvEre ratio indicated. 
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Oxidant-to-fuel ratio, o/f 

(a) Chaaiber pressure, 300 pounds per square inch absol\rte. 


Exponent for use in equation 


T-T (^Y 
^ ~ ■'•300^300/ • 


Figure 2. - Theoretical combustion-chamber temperature and. 
nozzle-exit temperature of JP-4 fuel with liquid oxygen. 
Frozen composition dxiring Isentropic expansion to pres- 
sure ratio indicated. 





Oxldant-to-fuel ratio, O/F 
(b) Chamber preseuro, 600 pounSs per square inch absolute. Exponent n^ 

°T 

• 

600/ 

Figure 2. - Concluded, theoretical combustion-chamber temperature and 
nozzle-exit temperatirre of JP-4 fuel with liquid oxygen. Frozen com- 
position during Isentroplc expansion to pressure ratio Indicated. 


for use in equation T = Tgoo I 
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_Area- 
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exponent, 
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Stolcnlometrlc ratio i — y .OOS/ 


Fuel in propellant, percent ty •weight 


Oxldant-to-fuel ratio, 0/F 

(a) Chamber pressure, 300 pounds per scpiare inch absolute. 


Exponent n^ for- use In equation e = 6, 


V300/ • 


Figure 3. - Theoretical ratio of nozzle area to throat area 
for JP-4 fuel with liquid oxygen. Frozen con^jositlon dur 
ing isentroplc expansion to pressure ratio indicated. 
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Figure 3. - Concluded. Theoretical ratio of nozzle area to 
throat area for JP-4 fuel with liquid oxygen. Frozen 
composition during isentropic expansion to pressure ratio 
indicated. 
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Figure 4. - TheoreticeQ. coefficient of tiirust for JP-4 fuel 
with liqviid oxygen. Frozen conposltlon during isentroplc 
expansion to pressure ratio indicated. 
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Figure 4. - Concluded. Theoretical coefficient of thrust for 
JP-4 fuel with liquid oxygen. Frozen con^josltion during 
Isentroplc expansion to pressure ratio Indicated. 
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Figure 5. - Theoretical molecular -wei^t, characteristic- 
■velocity exponent and characteristic velocity. Exponent 

’^c* 

n^* for use in equation c* = c*qq^^^ . Frozen com- 

position during isentropic expansion from chamber pres- 
sure indicated. 
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